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Abstract: Most people in the world now live in urban areas and their shared quest for better
cities is embodied in several Sustainable Development Goals of the United Nations. These
indicate that successful cities need jobs, adequate housing stock, effective governance, and
other support systems. At the most basic level, they need a basket of core public works
services like clean water and efficient transit, among others. These must be provided to
improve public trust in government by addressing equity and affordability while also
improving operational and cost efficiency. These targets are moving as transitions are
occurring from stove-piped to integrated services, even while social contracts between
government and the private sector are also shifting. Essential tools to improve cities include
urban planning and infrastructure development, but applying them effectively faces chal-
lenges like climate change, inequality, social disorder, and even armed conflicts. This paper
focuses on seven core public works services for drinking water, wastewater, stormwater,
trash collection, mass transit, streets and traffic control, and disaster management. It re-
views how these have evolved in the US, how they are organized under the federalism
system, and how the goal of integrated management is being pursued. Challenges to
integrated approaches include increasing responsibilities but lack of funding, political
stress, and rule-driven and internally oriented management. Methods for performance
assessment are explained under legacy systems based on methods like indicators and
benchmarking applied to public works systems. Current methods focus on regulatory
targets and the details; information has been shallow and not always timely. This paper
projects how the performance assessment of core public works systems can be broadened
to address goals like those of the SDGs and assesses why it is difficult to rate major systems.
Examples of the activities of NGOs are given and an example of how progress toward SDG6
is included to show why performance management of integrated management applied to
linked systems is needed. Performance dashboards with open government are currently the
most common pathways, but emerging methods based on data analytics and visualization
offer new possibilities. Reviewing the status of public works management shows that it
is an important branch of the field of public administration, and it can be presented as a
professional field with its own identity. The findings will support educators and researchers
as well as provide policy insights into public works and stakeholder engagement.

Keywords: public works; public administration; urban systems; modeling; performance
assessment

1. Introduction

Public works infrastructure and services provide essential support for cities around
the world. Unless they are developed and managed well, visionary goals like those of
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livable and healthy cities [1,2] cannot be achieved. Sustainable Development Goal (SDG)
11 expresses many of the goals, “Make cities and human settlements inclusive, safe, resilient
and sustainable” [3]. These rely on integrated approaches to meet targets involving housing,
transport systems, disaster risk management, and environmental impact, among other
social issues [4]. Basic services like water, electricity, and waste management are needed
for these, as well as other SDGs [5].

The focus of this paper is on a set of seven local public works services that provide the
essential support for SDG 11 goals. They were selected because they have proved essential
in cities and are generally managed under units named public works, public services, or
similar titles. Organization of such services varies among settings but in the US, their
grouping into local utilities and public works departments is the dominant form of service
delivery. They include water, sanitation, stormwater, trash collection, transit, streets and
traffic controls, and disaster risk management. Wastewater services represent the sanitation
category to focus on removal of used water, rather than the hygienic facets of sanitation.
Grouping these services into the category of local public works sets the stage to manage
them as an integrated group because they can be managed under one umbrella agency.

As a classifier of public services and infrastructure, public works can mean different
things. In some places, it is thought of mainly as a tool for job creation and without a
special focus on effectiveness of service delivery [6]. Sometimes public services like schools,
hospitals, and libraries are included as public works but in this paper, only the seven basic
local systems mentioned are considered.

Some may think that public works services are low-technology systems, but the op-
posite is the case, with new applications of digital technologies and information-based
devices in rising usage. These are needed to sustain and improve management of legacy
infrastructure systems, which require careful attention to operations and asset manage-
ment. While the topic of technology is compelling for public works managers, a detailed
discussion of it is beyond the scope of the paper.

The main part of the paper is an assessment of public works management in the United
States, where these categories of systems and services are often combined as public works
to support social and economic goals like those in the SDGs [7]. Public works management
is a branch of the field of public administration [8,9] and it shares the same governance
climate [10]. The US has a long record of adjusting its institutions for public administration
in its federal system. This will, of course, vary in other countries that do not practice a
federal form of government, or which have adopted different delivery models for public
services. A brief discussion of national public works is included, but the focus is on the local
level. For example, the Army Corps of Engineers manages the inland waterway system
and dam and lock systems [11]. The other part of the paper comprises a general discussion
of methods to assess the outcomes of local public works delivery, without reference to a
specific country.

Public works managers utilize tools like planning, innovative finance, economic
development, and development of innovative infrastructure [12]. These tools are normally
applied by government departments with names that indicate the functions involved,
such as engineering, utilities, transportation, or stormwater. Disaster risk management
responsibilities are shared with police, fire, and emergency medical, among other functional
areas. It draws from the other core services, like rapid response to restore water supply
service after a disaster.

The first topic addressed is the dominant organizational form of public works in the
US, how it evolved, and how the allocation of responsibilities among the three levels of
government was developed under federalism. This creates a baseline for the second topic,
which is to analyze and report on how local public works managers can support integration
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among urban subsystems, such as the economy and social life. Such integration supports
the cooperative work of local planning and related agencies in shared arenas like health,
recreation, and the urban environment. As public works management makes the transition
from stove-piped to integrated services, new ways to measure performance are needed to
assess how its outcomes align with needs like the SDG categories. This topic is used to
explain the complex issue of measuring how public works support social issues of equity
and affordability, while also improving operational and cost efficiency.

The data for the paper come from reports and research about public works manage-
ment in the US and other countries and from the writer’s records from work with local, state,
and federal public works agencies and commissions, international public works tours and
exchange visits, and focused teaching and research about public works management. The
exchange visits in several countries of Europe, Latin America, and Asia have strengthened
the data used to make comparative analyses in the paper. A core part of these experiences
was derived from the writer’s term as the Education Director on the Board of Directors of
the American Public Works Association (APWA).

The paper demonstrates the use of a systems approach to explain public works inte-
gration and its value to society. A road map for building organizational and management
capacity as technology changes is also presented. The paper provides policy insights for
public works and stakeholder engagement, offers US experiences for use in benchmarking
in other settings, and supports educators and researchers in public works administration
and engineering by identifying topics for instruction and research. The combined result
aims to improve public trust in government services by clarifying the support provided to
cities by public works.

2. Urban Public Works Systems

The need for public works services is increasing as the world’s population continues to
urbanize, creating more pressure on cities. The fraction of people living in cities is highest
among wealthy countries, but urban problems show similarities across all income groups.
In the US, some 83 percent of people live in cities and essentially all population growth
is urban [13]. Economic, social, and environmental challenges in US cities range across
topics like affordable housing, crime, homelessness, and infrastructure, with cost of living
heading the list [14], and similar challenges are experienced globally [15]. Policy makers
and public administrators seek solutions in situations that are complex and difficult and
require a better understanding of systemic interactions.

One tool to explain these interactions is provided by planning studies, which began
before 1900 [16]. With the emergence of computers and the discipline of systems thinking,
the interacting subsystems of cities provided an attractive subject for the work of a range of
disciplines and new niche groups, like urban economists and geographers, infrastructure
engineers, and urban ecologists. Such groups use systems views to form a comprehensive
picture of the interaction among cities, their subsystems, and their interacting elements
at several levels. The goal of such efforts is to achieve a comprehensive understanding of
urban dynamics so the needed support systems can be provided.

The search for effective urban models grew as urbanization increased in the US after
World War II. In the 1970s, Professor Jay Forrester showed how to apply his method of
industrial dynamics to city problems with a book titled Urban Dynamics [17]. Now, many
studies using systems dynamics methods to study cities have been published. While such
modeling is useful, the need for an interdisciplinary approach and broader thinking is
evident. At a 1997 US National Science Foundation workshop on urban interactions [18],
participants noted how rapid demographic changes and shifting states of human and natu-
ral environments indicated that complexity has outrun researchers’ ability to understand
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them. They grappled with shifting roles of urban infrastructure and identified the need
for improved statistical and modeling techniques and better data. Participation of citizens
was recognized as a special challenge in urban communities with inadequate political
institutions and poor social capital.

The complexity of cities challenges the success of urban systems models at a compre-
hensive level. Policies and decisions in city governance are not made by the use of such
systems models, although the models can provide useful insight. Cities are socio-technical
systems, and their models cannot simulate their many interactions with much validity,
although subsystem models can come closer to reality [19,20]. The failure at the compre-
hensive level but success at the subsystem levels suggests that skeletonization can be used
to conceptualize the big picture and subsystem models can be used to explore details [21].

A skeletonized view of urban systems must start at a high conceptual level to show
how public works support built (physical), social, and natural systems. Figure 1 provides
such a conceptual view with public works at the center to show its connections to all
three urban systems. Public works support the built environment in basic ways as they
provide services for social systems, which provide support to sustain it via economic and
social means. The built environment also provides protection to natural systems, which
provide ecosystem services to physical and social systems. Public facilities comprise about
one-third of the built environment, based on construction in place [22]. However, these
include facilities for public services not included in public works, like public libraries or
hospitals, for example.

Built
environment

Public Private

S
K
&
£

& Public

500"; works &
Social systems <::> Natural systems

Figure 1. A skeletonized view of the urban system.

The primary urban systems of most concern to mayors are implicit in the interactions
of the three systems shown and are dependent on core public works. They include eco-
nomic development, infrastructure, health, energy and environment, housing, and public
safety [23]. The mayors also identified concerns which link to public works management
capacity, including budgets, data, and technology. Similar concerns are evident in the SDG
categories [5] but tend toward the social needs of housing and shelter, and poverty, the
economy, energy, food, environment, and justice.

Many types of actions occur within the organizing spaces for economic, social, and
governmental activities shown in Figure 1, as well as with natural environmental elements.
Examples include business activities, the movement of people and goods, material flows
like water and energy, environmental changes and pollution, and cultural shifts. These
create cross-impacts on the subsystems. For example, cities attract migrants to stimulate
growth, but they may decline, shrink in population, and /or experience legacy infrastructure
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and social problems. Whether they are growing, stable, or shrinking, cities experience
problems such as housing, traffic congestion, pollution, health challenges, crime and social
disorder, and inequality [24].

With increasing computational power, the conceptual model of Figure 1 can be de-
veloped with greater detail. However, with increasing detail, modelers must focus on
subsystem levels. Current literature shows such models emerging to explain land use [25],
physical systems like transportation [26], and social systems [27]. Systems tools to combine
such models and develop more comprehensive approaches are becoming available via
frameworks like the SysML modeling language [28] combined with engineering studies [29]
and new applications of social theories [27].

3. Organization of Public Works Management in the US

The US public works sector is complex to define and classify due to the mixture
of activities and shifting nature of the delivery of services. The term public works may
not be used by a city, although the same services and facilities will be in place. APWA
explained that public works are difficult to define because the structure of management
departments varies and there is not a single ideal organizational structure. The association
adopted the definition that public works are the “... the combination of physical assets,
management practices, policies, and personnel necessary for government to provide and
sustain structures and services essential to the welfare and acceptable quality of life for its
citizens”. It explained that “absence of these essential services would be injurious to public
health and welfare” [30]. This explanation aligns with the SDGs and the need to address
human needs at the most basic level, as in the Maslow hierarchy of human needs [31].

While public works may be difficult to define, people have always needed the systems
and facilities they provide. Prominent historical examples include Roman roads and
structures and Napoleon’s public works construction program, for example. In the US, the
US Army Corps of Engineers began its role in 1775 with works like river navigation, and the
government then began to build or sponsor systems for water, energy, transportation, and
other systems [11]. The US became an urban nation in the 20th Century, and the post-war
boom accelerated the trends toward urbanization, with greater emphasis on local public
works. During the 1950s, the focus of public works was on economic benefits, and the
environmental emphasis developed during the 1970s, with social benefits receiving more
emphasis later [32].

Public works can be explained within the economic concept of public goods and can
include all types except private goods. They can involve utility or transit services which
are toll goods, they can be common goods like management of a reservoir, or they can be
pure public goods like flood control or environmental protection [33]. These classifications
can be disputed, however. For example, some may argue that toll goods, like the supply of
drinking water, should be considered public goods in recognition of human rights.

General discussions of public works tend to create ad hoc groupings. In the 1970s,
Stone [9] identified 18 categories across levels of government responsibilities. The Infrastruc-
ture Report Card published by the American Society of Civil Engineers (ASCE) currently
tracks 17 categories [34]. Of these, some are mainly at the national and state/regional
levels and some at local levels. They are not clustered into sectors. For example, within
ASCE's 17 categories, seven are part of the transportation sector and five are part of the
water sector. That leaves five in a miscellaneous category, schools, solid wastes, hazardous
wastes, energy, and parks.

Difficulty in classifying public works is a problem that also afflicts government activ-
ities in general. The core public works addressed in the paper are part of a larger group
that includes systems, facilities, and services. This creates a public works sector that spans
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government, construction, and utilities, which are designated industrial sectors in the US
and used in economic accounting. The government sector is named “public administration”
and is the only one of 22 sectors not included in the national economic census. Government
departments like the civil works part of the Corps of Engineers are defined as “establish-
ments of federal, state, and local government agencies that manage public programs and
exercise authority over other institutions within given areas” [35].

The North American Industrial Classification System (INAICS) bifurcates public works
by listing governmental programs in one category and some public works, such as airports,
in other categories [36]. This reflects activities of public—private partnerships (PPPs), which
are frequently used in public works management. This crisis of identity reflects a trend for
public works to change with technology and with programs such as “reinventing govern-
ment” [37]. APWA [30] also explained that public works services are usually delivered by
governments, but if they are outsourced, they are still public works. Public utilities, like
water, gas, electricity, and mass transit may not be owned and operated by a government
agency but they involve the public interest and are regulated and are public works.

Despite the difficulty in classifying and explaining the public works sector, its leaders
saw the need for capacity-building decades ago. The lack of a comprehensive federal public
works agency meant that technical personnel were appointed without preparation [9,38]. In
a partnership between APWA and the National Association of Schools of Public Affairs and
Administration (now the Network of Schools of Public Policy, Affairs, and Administration),
a project for graduate education in public works management was launched and the need
was affirmed by the International Institute of Administrative Sciences [9]. The project
succeeded in building capacity among a cohort of public works directors, but its subsidies
expired, and it has been discontinued.

4. Dependence of Urban Subsystems on Public Works

Cities have many economic, physical, social, and environmental subsystems that
depend on public works. The Maslow diagram [31] for the hierarchy of human needs can
be used to explain these dependencies at a high conceptual level. As shown in Figure 2,
the seven public works services shown on the right of the diagram are aligned with levels
at the bottom of the diagram, from the physiological and safety levels up through to the
social category at the third level. The concerns of the mayors mentioned earlier, that are
shown on the left, also align with the lower part of the diagram.

Self-

actualization

Self esteem
Economy Social Drinking water
Housing ‘Wastewater
Food i Stormwater
Health Safety Transit
Energy Streets/traffic
Security Physiological Trash collection

Disaster response

Figure 2. Maslow’s hierarchy with public works and linked urban systems shown.

Modeling approaches aim to simulate these interactions and use different methods
with different levels of detail, from conceptual diagrams to quantitative models. Early
models like Urban Dynamics [17] paved the way for the definition of systems at a high
level, but they were not able to accommodate enough variables and details of datasets to
be realistic. Emerging datasets offer the hope that approaches based on SysML and the
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Unified Modeling Language (UML) [28,39] or versions of Systems Dynamics [40] can be
used to overcome problems of granularity and data. Different model perspectives can shine
lights on new issues as well, an example being the use of material flow models to show the
metabolism of cities and illustrate food, energy, construction materials, water, and wastes
fluxes [41].

Conceptual models are more useful than quantitative models to explain interactions
to a wider audience involving stakeholders and policy makers. An example focusing on
the economy and public works is shown in Figure 3. Similar examples can be developed
for energy, environmental, housing, health, security, and information subsystems, as well
as other critical subsystems. While the diagrams are simple, they provide the first step in
explaining the issues of interdependence.

Disaster _..--- Transit --.____ Py,
e 7€ 1,
response .-~ @ U ‘Jnes

. Workforce
'I/ \\
Streets Workforce Commerce Drinking
I::> Economy | < Industry
Stormwater Commerce Workforce water
|‘ f
\

\\‘ D\spusa\/
N recycling

“--.___ Trash collection '
Wastewater

Figure 3. Example of the interaction between public works and the economy.

In Figure 3, streets and traffic control, along with stormwater, are shown in support of
commerce and workforce transport. Drinking water supports industrial and commercial
purposes and consumption at workplaces. The products of business and industry require
disposal of trash and wastewater. Disaster response ensures that emergency systems work
so that business and commerce can continue despite disasters.

5. Integration and Coordination of Public Works

Achieving integrated management of public works to address the needs of multiple ur-
ban systems requires coordination in planning and development. Its benefits are expressed
in the slogan “the whole is greater than the sum of the parts”. This is also explained by
complex systems theory by the concept of emergence, which indicates that unexpected
benefits may develop from coordination that addresses interdependences among urban
systems and creates mechanisms for integrated management [42].

Coordination is the heart of integrated management, which is often expressed as an
aspirational goal. The need for it is explained often in the context of cities, such as in
SDG 11 and its target 11.b, which aims at integrated policies and plans [4]. The benefits of
coordination can be seen in examples of co-benefits between purposes. For example, green
streets mix environmental and social benefits, while providing for economic purposes [43].
Efficiency gains also result from integrated management [44].

The need for coordination occurs across the categories of public works. For example,
drinking water is a basic commodity, but it has secondary effects because without it, people
cannot stay healthy, and businesses cannot function. Transit moves people from one place
to another, but it also serves education, markets, and employers. Effective management of
streets provides for transportation, stormwater runoff, children playing on sidewalks, and
additional social benefits, like walking dogs and other recreation.

In urban planning, coordination involves joint work to organize actions to achieve
common goals. These can be voluntary, through cooperation, or they can be mandated. If
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the goals involve creative actions, then collaboration for shared creation is needed and, in all
cases, good communication is required. These terms lead to the four “Cs”, communication,
coordination, cooperation, and collaboration [45,46].

Local-regional coordination is often beneficial, usually coordinated by intergovern-
mental agreements [47]. Studies indicate that such interjurisdictional relations can be
cooperative, competitive, or non-existent. For example, they are competitive in policies
like economic development and taxation [48]. They can be cooperative when it is mutually
advantageous to work together [49]. In the US, the Advisory Council for Intergovernmental
Relations (ACIR) was created to work on cooperation, but it has been terminated due to
political conflicts [50].

Whether coordination is cooperative or mandated, providing it requires public-private
approaches as well as collaboration between governments. Private sector cooperation is
needed to support public works actions, and some urban systems are managed under
public-private arrangements. For example, governments can take substantial responsibility
for public safety and environmental protection, but economic development and housing re-
quire significant private sector involvement. Public—private partnerships are often involved
in the management of public works, as well as in fostering related economic activities [51].

In the US, the overall governance model of federalism offers a history of promoting
intergovernmental coordination, mainly at the federal level. The status of intergovernmen-
tal relations in the US is “cooperative, conflictual, competitive, collusive, and coercive”. In
public administration and the daily operations of government, intergovernmental relations
are generally cooperative, but Congress has enacted many mandates and regulations that
affect them [52].

Coordination is expressed in multiple directions as it requires horizontal and vertical
work between and among levels and types of government agencies. It can involve relation-
ships between federal and state governments, state and local governments, regional entities,
local jurisdictions, departments of local governments, and sections within the departments.
Forms of it can be evident in meetings, communications, joint presentations, and in other
ongoing activities.

Planning and budgeting require cooperation and coordination between departments
in a city because multiple issues are involved [53]. Multiple types of planning are involved.
Strategic urban planning sets goals and growth policies for a city or metropolitan area.
Land-use planning focuses on regulations, rules, codes, and policies because the private
sector drives new initiatives for it. Master planning is used for systems like transportation
and utilities [54].

As an example, in the city of Fort Collins, Colorado, among 58 department listings [55],
the ones closest to public works are Building Services, Community Development and
Neighborhood Services, Natural Areas, Park Planning and Development, Emergency Pre-
paredness, Engineering, and Environmental services. These departments are coordinated
through seven areas of strategic planning and budgeting for outcomes set by the City Coun-
cil [56]. These areas are High Performing Government, Culture and Recreation, Economic
Health, Environmental Health, Neighborhood and Community Viability, Safe Community,
and Transportation and Mobility. By setting budgets through a coordinating process called
Budgeting for Outcomes (BFO) [57], policy makers have a tool to foster cooperation.

There are various barriers to cooperation and coordination in local government ser-
vices [58,59]. For example, surveys show that local governments have been assigned many
tasks, but funding has not followed and this creates “unfunded mandates”. Politics and po-
litical stress causes pressures that can inhibit coordination. Also, rule-driven and internally
oriented managers can block cooperation that requires a policy-oriented approach like
BFO. While BFO is a promising concept, the intended coordination and integration require
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additional analysis, preparation of materials, and may be more difficult to understand than
traditional line-item budgets.

6. Outcomes/Performance of Core Public Works in the US

Assessment of the performance of public works systems in the US has received much
attention, but the focus is on efficiency and cost control, rather than broader social and
environmental goals. A review of the lessons learned can help to explain the best practices
and to identify prospects to expand methods to comprehensive systems. Current methods
focus on regulatory targets and the details of subsystem operations rather than on impacts
on major system goals like the SDGs. However, prospects to assess them and map their
performance to comprehensive sustainability goals have improved.

The development of metrics to assess the outcomes of public works management has
accelerated during the last few decades of the 20th century [60]. This was in conjunction
with application of performance measurement at all three levels of government and in
private nonprofit organizations [61]. However, the information provided is often shallow
and not timely. The main reason for these limitations is the focus on readily measurable
quantities like, for example, power consumption of a treatment plant. Such details are
relevant, but the information might not be of much use on a continuing basis. Advances that
pave the way for significant improvements focus on the emerging capacity of data analytics.

Ratings of public works systems are fragmented among the distinct services, levels of
government, and NGOs that may compete for attention. For example, the US Environmen-
tal Protection Agency (USEPA) rates the performance of drinking water, wastewater, and
stormwater systems. The Federal Transit Administration [62] rates transit and the Federal
Highway Administration [63] rates the performance of roads, but not traffic control and
streets. On an overall basis, infrastructure performance is rated by the ASCE. The Corps of
Engineers and state agencies rate dam safety, which is also reported by the Association of
State Dam Safety Officials.

As an example of ratings for individual systems, the assessment of drinking water
according to the USEPA is that the US has “one of the world’s most reliable and safest
supplies”. Metrics for the national system are provided via the Safe Drinking Water
Information System, through which anyone can send a query to learn the monitoring
information about their drinking water safety [64]. However, this positive assessment
masks issues with access that involve housing and local plumbing systems [65]. Also,
drinking water public health crises like in Flint, Michigan and in Jackson, Mississippi have
caused significant concern about the reliability and safety of drinking water, and one may
learn about them mainly via the media [66].

As another example, among local public works, transit has the greatest interface with
social issues in communities because it is essential for access to jobs, schools, shopping,
healthcare, and other essential destinations for many people. The ASCE [33] assigned a
D- grade to transit in 2021 and reported that some 45% of Americans lacked access to it,
while existing systems suffer from aging and lack of funding for system renewal. Ridership
fell to just 20 percent of pre-pandemic levels in April 2020, but by 2024 it had recovered to
79 percent of those levels. Most of the recovery has been due to younger bus riders, and the
rates are strongly dependent on types of jobs, job locations, and other economic drivers [67].
The performance of US transit systems might be improved by comparison with European
systems, which tend to perform better [68].

Performance assessment methods are well-developed for application to structured
subsystems like, for example, the frequency of trash collection. The perspectives are of
users and system managers, who ask, “how well do the systems meet my needs” and “how
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well do they operate?”. Assessment also involves the performance of the infrastructure and
of the management systems.

The general framework is one of continuous improvement. The achievement level
of a system’s characteristic activity is given a score and then compared to a goal and to
a benchmark. Depending on how well the achievement compares to the goal, continu-
ous improvement programs are established and implemented. This is similar to quality
management programs in industry, which are well established and based on studies in
industrial management and quality control.

Performance is measured at different subsystem levels and at higher system levels;
measurement involves more metrics and more aggregation of information. This is the
same problem described for business organizations, where performance management is
challenging because each management level views operations through a unique lens [69].
For example, a water supply system, as one part of a public works system, will involve
infrastructure and management systems. Levels of the water supply system will include
source, treatment, and distribution. Each of the levels can involve metrics focused on
subsystem performance, but it is challenging to aggregate the information into meaningful
comprehensive indicators.

The disaggregation of systems for performance measurement creates stovepipes where
individual performance targets can be assessed. For example, the percentage of time that
a water system delivered adequate pressure or the hours per year of a level of traffic
congestion can be measured. Metrics of this type are explained in [70]. Aggregating such
metrics should lead to performance assessment of higher-level systems, like in the ASCE
infrastructure report card [33]. The grades that it provides, however, can be judged as
subjective, as in the drinking water grade of C- in 2021.

The difficulty in rating an entire system, like in the drinking water example, stems from
perspectives at different levels. Taking the assessment to the next step, the focus shifts to
how a service has performed in supporting a linked urban system. For example, how well
did drinking water support housing goals? This requires embedding the drinking water
goal into the housing goal by exploring things like the “percentage of houses with adequate
drinking water”. This quickly becomes systemic as the number of metrics increases.

The focus on the social needs of SDG11 is evident from its targets, which include [5]
housing and upgrading slums, transport systems, and participatory human settlement
planning, among others.

This makes assessment more difficult because, for example, clean water and sanitation,
zero hunger, and no poverty address diverse and existential needs of people, which may
create controversies over differing value concepts.

In the US, codes of professional ethics in public works management embrace the spirit
of the social focus of the SDGs. For example, these include environmental justice [71] and
social equity [72]. The challenge is, as always, implementing visionary concepts in the
real world of decision-making and conflicts over issues like budgeting and distribution
of resources.

7. Discussion: How Well Do Public Works Support Urban Systems?

The seven basic urban services discussed are critical to economic and social systems in
cities, and public works management has proved an effective framework and mechanism to
deliver them when it receives support and is governed well. Going forward, urbanization
and challenges like poverty, migration, and climate-induced disasters will challenge public
works in cities to meet social needs among disenfranchised income residents. Social systems
linked to public works are especially critical, as shown by the concern of mayors about
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housing, security, health, and human services. These problems are exacerbated when
conflicts over the public or private delivery of services are involved.

If core public works services are splintered among various organizational and man-
agement entities, they are more difficult to coordinate and integrate and this will impair
their effectiveness in meeting all needs. Employee mobility from one service to another can
be hindered and this can impede transfer of knowledge and capacity-building, especially
for critical skill sets like technical knowledge, service orientation, public involvement, and
asset management, among others.

While good governance, adequate financing, and effective public works management
can improve delivery of services for urban residents, the social contract between cities and
their stakeholders may shift as cities struggle to support core services and the linked social
systems. Trends toward privatization, outsourcing, and cost-cutting are understandable,
and integration of core public works services can help cities to focus on their importance
and performance. This will require focus on human rights and related social justice issues.
Public-private partnerships can help, and the US has many not-for-profit non-governmental
organizations ready to cooperate in aspects of public works delivery.

The US experience shows that public works management can function effectively in a
democratic and federal system of government with roles for three levels of government
and with most services delivered at the local level. This is consistent with the concept of
subsidiarity, which is an accepted principle of governance and has been adopted specifically
by the European Union [73]. How subsidiarity works differs among political systems and
may involve different terminology [74,75]. If countries do not practice subsidiarity, their
chances of successful intergovernmental management will be reduced.

This form of public works delivery in the US, that works in a federal system and with
subsidiarity, evolved through trial-and-error experiments. The US was once a developing
country, and it made sense that large-scale systems were built and managed by the federal
government, with responsibilities allocated among the levels based on scale and national
interest. The federal government manages large-scale systems with national security
implications like inland navigation and large dams, state governments have key roles in
intercity transportation, and local governments deliver utility and other services directly
to residents.

Federal and state governments play important roles in regulation and transfer pay-
ments, which can foster integration and shifts from stovepipes to integrated services.
Non-governmental organizations can help as they play key roles in policy advocacy and ca-
pacity building, among others. That reality may be changing due to shifting responsibilities
and fiscal needs. Public works management arrangements in cities and in regional settings
indicate the need for entrepreneurial experiments in institution-building. An example is a
collaborative in Denver, Colorado that is addressing regional water supply [76].

Among cities larger than around 10,000 residents, the bundling and integration of
public works services are evident. APWA is taking a lead role in advocating integrated
public works management toward sustainability [77] and AWWA is leading the integration
of water, wastewater, and stormwater into One Water groups [78]. Streets and transit are
parts of increasingly integrated urban transportation systems [79]. Solid waste management
is linked to recycling and management of materials flow in cities such as reclamation of food
waste [80]. Disaster risk management is an integrated service as it involves coordination
among several types of agencies. Trends toward the bundling of services and integration
are a work in progress and need help to overcome barriers like stovepipes, which are
resistant to reform due to bureaucratic inertia, among other forces.

As policy makers seek reforms and strengthened management capacity, they turn to
performance assessment, which begins with stove-piped indicators for separate services,
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which can provide indicators that are shallow and not timely or useful. For example, regu-
lated services require reporting to authorities, which establish standards and information
for performance reports and these may not be very useful for continuous improvement.
New ways are needed to assess how such indicators can support assessments of integrated
systems and interactions among systems. However, public works involve multiple sys-
tems and levels, as well as interdependences, and the current system does not yet allow
centralized master assessment systems to be organized.

In the US system, performance assessment of public works management systems
takes place within the political dimension in a democratic system. City residents elect
representatives based on their overall perceptions of how well things are going in the cities.
Performance assessment is a shared responsibility, with emphasis on the involvement of
the public and non-governmental organizations. The outcomes of system operations can
be explained to residents through city dashboards and other media. At aggregated state
and national levels, the ASCE Report Card provides overall assessments.

In complex cities, well-intended policies can have counter-intuitive effects. For exam-
ple, a city can strive to be more welcoming to migrants and end up with financial loads
that will require cutbacks in essential services to other stakeholders. Issues like this can
be studied via urban systems modeling as a tool to identify interdependences and such
counter-intuitive effects as indicators of policy reform.

Ultimately, public works management is part of the field of public administration,
with emphasis on technical systems. Going forward, public works management should
be defined as a professional field like utility management. Capacity should be created for
a professional class of managers for critical services. They should be able to adapt new
technologies and management tools and strive for continuous improvement within the
climate expressed by the “reinventing government” movement [81].

Public works organizations can seek certification, such as through the APWA accredita-
tion program with use of the Public Works Management Practices Manual [82]. Individual
units can seek accreditation through other organizations, like AWWA's Partnership for Safe
Water [83].

8. Conclusions

The problems facing cities undergoing urbanization indicate how important effective
public works systems are to support the social, economic, and environmental systems
required to make progress toward the SDGs. A package of core public works services like
clean water and efficient transit must be provided to improve public trust by addressing
equity and affordability while also improving operational and cost efficiency. The core
public works services analyzed make a good group to study because they are frequently
grouped under public works or similar departments in the US.

The analysis of the US experience shows how public works management can be
organized within a federal system. It took place at a time of rapid transition was services
are changing from stove-piped to integrated delivery, even while social contracts between
government and the private sector are also shifting. The lessons learned concern the
importance of the local level of government, the value of sharing among peer organizations
to improve performance, and the importance of searching for effective ways to integrate
services and systems.

The US shows strong trends toward the embrace of performance assessment, but
these methods require improvement to address goals like those of the SDGs. This can
occur through open government, which is being “reinvented”, with new approaches and
emerging methods based on data analytics and visualization. Specifically, the combination
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of these new approaches with strategic planning that incorporates social justice goals can
lead to new methods for goal-setting and decision-making.

The role of NGOs in providing quality control programs like organizational and
individual certification, as well as continuous improvement programs, have proven pivotal
to encourage management improvements. As governments reach their limits of financial
resources and management capacity, many issues will be left to NGOs to partner with
public agencies in meeting social needs.

The future of public works management will be challenging, as it confronts climate
change, inequality, social disorder, and even armed conflicts, at the same time as funding
and workforce capacities constrain public works organizations. Challenges to integrated
approaches include increasing responsibilities but lack of funding, political stress, and
rule-driven and internally oriented management.

Ultimately, public works management is an important branch of the field of public
administration. As it reinforces its own identity as a professional field, future experiences
will provide policy insights for public works, foster stakeholder engagement, and aid
educators and researchers in advancing the field. Actionable items for education and
research can include emphasis of public works management within public administration
and engineering programs. For policy makers, the lessons point toward improved goal-
setting and more comprehensive performance assessment. The final test for it will be the
extent to which it increases public trust in the delivery of public goods and services. This
test provides a focus on stakeholder engagement, which must be more than just perfunctory
if citizens are to take interest and active roles in city improvement.
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